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We have analyzed the time evolution of solar 
flare X -ray spectra from He-like Fe, Ca and S ions 
measured by the Bragg Crystal Spectrometer on 
the Yohkoh satellite [1]. From the spectra we have 
derived time - dependent electron temperature, ion 
temperature, electron density as well as the ion 
density ratios such as n(Li-like)/n(He-like), n(Be-
like)/n(He-like), n(B-like)/n(He-like) for Fe ions 
and n(He-like)/n(H) for Fe and Ca ions. The 
results show a deviation from ionization 
equilibrium as shown in Fig.l. We make a time 
dependent ionization model assuming multiple 
loops occurring with a short time period. 
Koshelev and Kononov [2] already discussed 
non equilibrium ionization in solar flares and 
suggested transient ionization. They proposed a 
flare model consisting of many short elementary 
flares. Recently Hori et al[3] proposed a multiple-
loop model for solar flares in a context of a 
magnetic reconnection model. An essential point 
of these models is that duration time of a flare td is 
shorter than the ionization time ti' Then the ion 
abundance never has time to reach ionization 
equilibrium. 
We made a simple calculation for a multiple loop 
model to see the validity of this model. We 
assumed multiple flares which successively occur 
every 60 sec. (10 sec. for rising and 20 sec. for 
decay) and solved the time dependent ionization 
for each flare following Eq.(I) and summed the 
ion density of each flare. 
dn(i)/dt = -(SCi) + A(i))n(i) + S(i-l)n(i-l) 
+ A(i+ l)n(i+ 1) (1) 
where S and A are the ionization and 
recombination rate coefficients, i is the ionic 
charge of the ion. We used the time dependent 
electron temperature and density derived from the 
spectra as the averaged values. Each flare has a 
peak of the ion density of Li-like and He-like ions 
as a function of time because the temperature has a 
peak for each flare. We have plotted the density 
ratios at the peak of the ion density for each flare in 
Figs. 2 for Fe ions. This shows a similar variation 
with those derived from the observed spectra in 
Figs.l. A similar agreement with experiment is 
obtained for Ca and S ions. 
The derived values for nCB-like ion)/n(He-like 
ion) from Fe spectra are much smaller than for 
other ions. This difference may be either due to 
the flare model or the atomic physics, and we will 
investigate further. 
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Fig. 1 The derived ion density ratios from the intensity 
ratios of Fe ion spectra. Dashed lines are the values in 
ionization equilibrium. 
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Fig, 2 The ion density ratios as a function of the electron 
density for Fe ions ions by flow model (dot-dashed line) aOO 
multiple loop model (solid line) 
329 
